Dried blood spots (DBSs) on filter paper are being used increasingly in population-based human immunodeficiency virus (HIV) studies. This study evaluated the application of a BED enzyme immunoassay (EIA) on DBSs to estimate HIV incidence in a population-based study in India. The Calypte HIV-1 BED Incidence EIA was performed on 224 HIV-1-positive DBS samples, after screening 12 617 individuals from a population-based sample in Guntur district in the southern Indian state of Andhra Pradesh. The number of recently infected HIV cases was identified using this BED assay and was used to estimate the annual HIV incidence rate based on calculations and adjustment formulae suggested by the Centers for Disease Control and Prevention (CDC). The updated BED data management software provided by the CDC was used for analyses. Of the 224 HIV-1 antibody-positive DBS samples, 29 (12.95 %) were estimated by the BED HIV-1 assay to have been infected within the past 155 days. After adjusting for age, gender and rural/ urban distribution of the population, the annual incidence rate of HIV-1 infection was estimated to be 0.32 % (95 % confidence interval 0.20-0.44 %). This annual incidence was 18.6 % of the HIV prevalence of 1.72 % in this study. Thus, the BED assay revealed a higher incidence of HIV in this study than was expected from the prevalence. Correlation of the BED assay with panel testing and longitudinal incidence data in the Indian population is needed to calibrate it for use in India.
INTRODUCTION
India is now estimated to have about 2.5 million people living with human immunodeficiency virus (HIV) infection NACO, 2007; UNAIDS, 2007) . HIV surveillance has mostly been limited to monitoring prevalence, as no direct measures of incidence have been available until recently (Wolday et al., 2007) . To understand the recent changes in the HIV epidemic, it is necessary to estimate the number of new infections, as changes in HIV prevalence may not reflect trends in incidence (Karita et al., 2007) . Laboratory methods for detecting recent HIV infections can enhance public health surveillance and prevention efforts. The data generated on HIV incidence would be relevant in depicting the current dynamics and trends of the epidemic, and will have significant implications, including evaluation of prevention efforts and informed allocation of resources for HIV prevention programmes.
Several methods of incidence estimation, including longitudinal studies, back calculation, p24 antigen enzyme immunoassay (EIA) and viral RNA testing have been utilized in the past; however, these methods are tedious to perform, costly or problematic (Rutherford et al., 2000) . Increasing interest in estimating the incidence of HIV-1 infection has led to the development of a sensitive/lesssensitive serological strategy using a high dilution (1 : 20 000) of HIV-1-positive serum, called the Serological Testing Algorithm for Recent HIV Seroconversion (STARHS), in 1998 (Janssen et al., 1998) at the Centers for Disease Control and Prevention (CDC), Atlanta, GA, USA), which has been widely used (Gouws et al., 2002; Rawal et al., 2003) . Antibody avidity has long IP: 54.70.40.11
On: Thu, 03 Jan 2019 01:03:05 been used as a marker for recent infection based on the rationale that, in the early phase of infection, antibodies show a low antigen avidity that can be dissociated with the use of certain chemicals. The dissociated antibodies can then be detected by a simple two-well ELISA (Martró et al., 2005; Chawla et al., 2007) . Recently, rapid HIV tests using the same principle of higher dilution have been modified to detect recent HIV-1 infections (Constantine et al., 2003; Soroka et al., 2005) . Another approach that has been proposed takes advantage of the observation that, in recent HIV infection, there is an early immunoglobulin isotype IgG3 response to p24 and, as the isotype response matures after about 120 days, the major HIV-specific immunoglobulin isotype becomes IgG1 (Wilson et al., 2004) .
Although these assays work reasonably well with samples from HIV-1 subtype B-infected individuals, the validity and performance of these assays is questionable with non-B subtypes because they use an antigen derived from a single subtype (Parekh et al., 2001; Kothe et al., 2003; Young et al., 2003) . A peptide-based BED capture EIA (BED-CEIA), whose performance is independent of HIV strain specificity and which detects an increasing proportion of HIV IgG in the serum, was put into use in 2005 by the CDC. This second-generation assay uses a branched peptide with gp41 immunodominant sequences from HIV-1 subtypes B, E and D, but its use has also been validated for subtypes A and C (Parekh et al., 2002) . The BED-CEIA has been used to estimate HIV incidence in a number of cross-sectional population studies Bulterys et al., 2004) .
Whole blood collected as dried blood spots (DBSs) on filter paper is being used increasingly as a convenient tool in many HIV serosurveillance studies, as it simplifies blood collection, transportation and conservation (Cassol et al., 1997; Johnstone et al., 1998; Lakshmi et al., 2007) . Although several HIV incidence studies internationally have been used to understand the dynamics of HIV infection (Wilson et al., 2004; Karita et al., 2007; Wolday et al., 2007) , to the best of our knowledge no report of any large-scale HIV incidence study using DBSs is available from India. The present study was undertaken with the objective of evaluating the application of the BED-CEIA on DBS samples collected as part of a large population-based assessment of HIV in southern India.
METHODS
Sample. The DBS samples were obtained from 12 617 individuals aged 15-49 years from the Guntur district of Andhra Pradesh, India, as part of a population-based study of HIV. A stratified random sampling method was used to obtain a representative sample of these individuals from 66 rural and urban clusters (Dandona et al., 2006) . Of the originally eligible sample, 91.2 % participated. Of the 12 617 participants in the study, 6382 (50.6 %) were women. This sample obtained using standard epidemiological methods and with a very good participation rate was unlikely to have a selection bias (Dandona et al., 2006) . The Institutional Ethics Committees of the Nizam's Institute of Medical Sciences and Administrative Staff College of India approved the study.
The methods related to the DBS samples have been described elsewhere (Lakshmi et al., 2007) . Six drops of blood were obtained using a finger-prick method with a non-reusable lancet. After adequate drying, the DBS samples were stored in sealed polythene bags with desiccant at room temperature for no more than 1 week in the field study office and then under refrigeration at 2-8 uC until further testing. Previous reports have shown no loss of sensitivity in detecting HIV from DBSs stored under refrigeration for up to 20 weeks and 36 months for ELISA and PCR, respectively (Behets et al., 1992; Panteleeff et al., 1999) .
Overall, 224 DBSs were detected as positive for antibodies to HIV-1 out of the 12 617 DBSs screened for HIV infection, and of these, 221 samples were antibody positive for HIV-1 and three were antibody positive HIV-1 and -2 (Dandona et al., 2006) . These 224 DBS samples were further processed using the Calypte HIV-1 BED Incidence EIA (Calypte Biomedical) to determine recent HIV infections (,155 days). This commercially available HIV-1 BED Incidence EIA is an in vitro quantitative EIA for the determination of the proportion of HIV-1-specific IgG in a given serum or plasma specimen with respect to total IgG as an aid in determining the elapsed time since HIV-1 infection occurred. The wells of the microtitre plate are coated with goat antihuman IgG as the ligand. When HIV-positive samples are added to the wells, anti-HIV IgG along with the rest of the non-specific IgG is captured by the goat anti-human IgG-coated wells. The relative amounts of anti-HIV IgG and non-anti-HIV IgG captured represent the IgG antibody populations found in the serum of the individual. A lower proportion of HIV-specific IgG is found in the serum in the early phase of seroconversion than in serum samples from patients with long-term infection. Studies have indicated that HIV-specific IgG titres may continue to increase for more than 2 years after seroconversion when tested by this assay (Parekh et al., 2001 ).
BED-CEIA procedure. The standard optimized procedure as described by B. S. Parekh (CDC, Atlanta, GA, USA) (Parekh, 2005) and in the Calypte HIV-1 BED Incidence Assay instruction manual (Calypte Biomedical) was followed to carry out the incidence assay on DBSs (Phillips et al., 2005) . The calibrator (CAL) and test controls were prepared by applying 50 ml control sample to Whatman no. 3 filter paper, and drying and preparing the dried spots in a similar manner to the test DBSs. A 6 mm punch from each of the DBSs was placed into individual wells of a 96-well holder plate for elution of the controls, CAL and 224 reactive samples. Specimen diluent (200 ml; provided in the kit) was added to each of the punched DBSs. After gentle tapping of the plate and complete soaking of the punched DBS, the plate was incubated overnight at 4-8 uC for IgG elution. The following day, 50 ml specimen diluent, and 50 ml eluted controls, CAL or sample, were added to each of the test wells in the BED assay plate (provided in the kit) and gently mixed. The plate was incubated and all further steps of the assay were performed as for the regular ELISA protocol given in the kit instructions.
Initial run. Test sera were initially tested singly. The CAL and controls were tested in triplicate on every plate, and median values were used to calculate the normalized absorbance value (A n ). Samples with an A n of ,1.2 were retested in the confirmatory run to increase the reproducibility and also as a quality check for classifying those recently infected samples that were near the cut-off point.
Confirmatory run. A total of 59 of the 224 DBS samples with A n values of ¡1.2 (in the initial run) were retested in triplicate by the BED assay to confirm their status. The median values for the triplicate values were used to calculate A n . All the samples with an A n of ,0.8 were considered to be recently infected with HIV corresponding to a mean seroconversion duration of 155 days.
The evaluations and analyses using additional panels with other subtype infections suggested that an A n of 0.8 corresponded to a mean seroconversion duration of 155 days. Due to the absence of any published estimates for the window period from India, there is a need to evaluate the best window period estimate for the HIV-infected Indian population from empirical data.
Quality control for the incidence assay. Twenty per cent of the samples that were above the cut-off value (.1.2) were repeat tested using the BED assay as an initial run, for quality assurance (QA).
BED-CEIA on patients with advanced-stage HIV-1 infection.
Individuals with end-stage AIDS have been reported previously to be misdiagnosed as early infections with the BED-CEIA (Janssen et al., 1998; Schwarcz et al., 2001; UNAIDS, 2005 . The Surveillance and Survey and Laboratory Working Groups on the use of the BED assay also recommend that the data from the BED assay be adjusted to account for the misclassification of individuals with long-term infection identified as recent infections (false recent) by the BED-CEIA (UNAIDS, 2005).
Recommendations of the Surveillance and Survey and
Laboratory Working Groups. Based on their review of the study results, the working groups on incidence assays have developed interim recommendations for organizations using the BED-CEIA for the estimation of HIV-1 incidence in cross-sectional serosurveys, intervention designs and case-based surveillance in USA governmentsupported activities. The working groups have reviewed two adjustment formulae and advise the use of both adjustments to develop separate incidence measures and to allow for cross-checking of results for consistency (UNAIDS, 2005; McDougal et al., 2006; Hargrove et al., 2008) . The method described by McDougal et al. (2006) uses an adjustment for both short-term (¡310 days), false long-term and recent cases, as well as an adjustment for longer term (.310 days) false recent individuals. As we did not have any estimates of sensitivity and specificity values available from Indian studies using the BED assay, the McDougal's adjustment formula with a sensitivity value of 0.7682 for detecting recent (,155 days) infection and a short-term specificity value of 0.7231 and a longterm specificity value of 0.9443 were used for calculating the annualized probability of HIV infection (McDougal et al., 2006) . The method of Hargrove et al. (2008) uses an adjustment for longterm (.365 days) false recent cases. The false recent rate in individuals with long-term infection, indicated as e, is not yet available for India and thus an e value of 0.0557 as estimated by Hargrove et al. (2008) was used for calculating the annualized probability of HIV infection. As the two sets of adjustments are expected to give similar results in most settings, we used both of these formulae to calculate the adjusted HIV incidence in our study.
Statistical analysis. To avoid transcription errors, as commonly seen in paper-based data recording, all of the plots -concordance graphs, best-fit plot and quality-control graphs for CALs -were prepared and analysed using the updated BED data management software provided by the CDC. The annual HIV-1 incidence and 95 % confidence interval (CI) were calculated using the consensus formulae predetermined by the HIV-1 BED Incidence EIA manufacturer. Adjusted incidence was calculated by entering our results into the Excel spread sheet provided by the CDC for calculating unadjusted incidence and incidence calculated with the two adjustments.
RESULTS AND DISCUSSION
A total of 59 of the 224 samples (26.3 %) from our study had A n values of ¡1.2 in the initial test run and these were further tested in triplicate for confirmation as recently infected. In the confirmatory run, 29/59 samples had an A n value of ¡0.80 and all of these were considered to be recently infected with HIV-1 (i.e. seroconversion occurring within the last 155 days).
In the confirmatory run, 94.9 % of the specimens (56/59) retained the same classification of recent (29 samples) or established (27 samples) HIV infection. Confirmatory testing of the 59 samples indicated that the classification had changed for only one specimen (1.69 %) from the initial classification of recently infected to that of established infection. The correlation coefficient (R 2 ) between the initial and the confirmatory runs was 0.91 ( Fig. 1) , indicating a high degree of reproducibility of the test procedure. Thus, the overall performance of the BED assay on the DBS samples was excellent, with good concordance between the two runs, high R 2 values, bestfit plots and least variability, all indicating that the assay has very high reproducibility as also reported by Dobbs et al. (2004) .
The median absorbance values for the negative control, CAL, low positive control (LPC) and high positive control (HPC) were 0.053, 0.595, 0.328 and 0.969, respectively. The CAL, by definition, had a mean A n of 1.0, whilst the negative control, LPC and HPC had mean A n values of 0.082, 0.551 and 1.642, respectively. The control plot generated using CAL, LPC and HPC had a value of R 2 50.9997, thus presenting the best-fit graph (Fig. 2) . The absorbance and A n values for the controls were consistent for all runs. The percentage correlation of variation of mean absorbance values of CAL, LPC and HPC were between 6.1 and 12.9 %, but the variability was further reduced as the correlation of variation for mean A n values was below 7.2 and 7.3 % for LPC and HPC, respectively, demonstrating the high precision of the assay. Use of the median values for the controls and CAL was to ensure that an outlier result in any of these did not affect the results. 
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With a calculated window period of 155 days from seroconversion (based on information in the manufacturer's instruction manual), the annual HIV incidence rate using the McDougal formula, after adjusting for age, gender and rural/urban distribution in the Guntur district, was estimated as 0.32 % (95 % CI 0.20-0.44 %), and by the Hargrove formula as 0.35 % (95 % CI 0.22-0.47 %). With a non-significant P value of 0.76 and a x 2 value 0.092, the incidence results from the two formulae indicated that both sets of adjustments led to similar results. This annual incidence was 18.6 % of the HIV prevalence of 1.72 % in this study (Dandona et al., 2006) .
The HIV-1 BED Incidence EIA was developed by the CDC to address some of the shortcomings (e.g. 1 : 20 000 dilution, assay variability, subtype-dependent performance) of the less-sensitive EIAs. This assay extends the possibilities for determining HIV incidence worldwide in populations with varying subtypes that include the A, B, C, D and E subtypes (Parekh et al., 2001 (Parekh et al., , 2002 . Indirectly, the assay measures the proportion of HIV-1-specific IgG in a given specimen with respect to total IgG, based on the principle that recently seroconverted individuals have a lower proportion of HIV-1-specific IgG than long-term seroconverters. In the present study, the information on the nature of the subtypes of HIV-1 was not available.
However, as all samples were from India, these were assumed to belong mainly to the subtype C, according to the geographical distribution of the different HIV-1 genotypes (Siddappa et al., 2004; Ramalingam et al., 2005) . As the performance of the earlier incidence assays on HIV-1 subtype C-infected individuals was questionable, the HIV-1 BED Incidence EIA was adopted for our study on HIV incidence as it has been reported to work well with subtype C (Parekh et al., 2001 ). We did not perform any validation of the BED assay for use with DBS samples as the Calypte HIV-1 BED assay is already validated with a high agreement of 94.6 % between DBS samples and corresponding serum samples, with a high correlation coefficient of 0.98 (Parekh, 2005) .
A total of 20.51 % (40/195) of the samples with established infection was repeat tested using the BED-CEIA to rule out technical error (Fig. 3) . There is no proof that the cases were truly established infections, as the rate of increase of absorbance in the BED assay is very variable and a reasonable proportion of people may have an A n value of .1.2 before they are HIV positive over the previous 155 days. In our study, the initial and repeat runs recorded a BED A n of .1.2, indicating good reproducibility of the assay (Fig. 3) .
It has been observed that people with AIDS, especially in the terminal stages and those on highly active antiretroviral therapy, may be classified incorrectly as being recently infected due to their lower levels of HIV antibodies (Janssen et al., 1998; Schwarcz et al., 2001) . Information on antiretroviral therapy was not available in the field survey, but antiretroviral therapy was very uncommon in this part of India at the time of data collection for this study.
When the BED assay was performed on DBS samples from 25 individuals with end-stage AIDS in a hospital setting, with mean CD4 + counts of 35.84 cells ml 21 (range 5-88 cells ml 21 ) in their plasma, all were correctly diagnosed as established infection, indicating that advanced HIV infection did not lead to misdiagnosis of recent infection in this set of patients. However, using the recommended calculation method, the annual HIV incidence rate in this population was estimated to be 18.6 % of the 1.72 % prevalence rate (Dandona et al., 2006) , which is higher No. of samples rerun on BED assay 30 40 Fig. 3 . QA testing of long-term cases using BED-CEIA. X, Initial run A n ; m, QA run A n .
HIV-1 incidence assay on dried blood spots than would be expected over the past year. Data from sentinel surveillance in young pregnant women in the Guntur district has indicated that the rate of new HIV infections is not increasing in this population (NACO, 2007) . Against this background, and assuming a duration of about 10 years from HIV infection to death from AIDS without antiretroviral treatment (Hira et al., 2003) , one would expect the annual HIV incidence to be 10 % or less of the prevalence estimate. Further investigation is required to ascertain the reasons for the higher-than-expected incidence estimate with the BED-CEIA, possibly by validation of this assay on panels of sera from HIV-1-infected seroconverters representing different subtypes and by correlation of the results from this assay with longitudinal incidence data in India.
To the best of our knowledge, this is the first report using the HIV-1 BED-CEIA to estimate the incidence of HIV-1 infection in India carried out on population-based DBS samples. Our results suggest that the Calypte HIV-1 BED Incidence EIA can yield reproducible results when applied to DBS samples in India. However, calibration of the incidence calculation from this assay in India is needed, as the existing calculation method led to a higher-thanplausible incidence estimate. Once this is accomplished, this incidence assay can serve as a useful tool in more effective planning and monitoring of HIV control efforts in India.
